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[57] ABSTRACT

An 1nk jet head includes an orifice plate having a plurality
of orifices disposed transversely at prescribed intervals, a
vibrating plate disposed parallel to orifice plate and
deformed by applying a potential difference perpendicularly
to the direction of polarization, and a plurality of partitions
disposed between orifice plate and vibrating plate in the
space between adjacent orifices, and the space surrounded
by orifice, vibrating plate and partition defines a pressure
chamber to be filled with ink. Vibrating plate is provided

- with a groove having a rectangular cross section in a region

having relatively low field intensity when signal voltage is
applied. In this structure, the electric capacitance of vibrat-

ing plate is reduced without adversely affecting the electric

field mtensity, and the efficiency of deformation of vibrating
plate is increased.

14 Claims, 6 Drawing Sheets
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INK JET HEAD WITH A DEFORMABLE
PIEZOELECTRIC VIBRATING PLATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to ink jet head
structures used for ink jet printers or the like.

2. Description of the Related Art

Now, a description follows on a conventional example of
an ink jet head which reduces the volume of a pressure
chamber by bending and deforming a piezoelectric body and
discharges ink in a pressure chamber from a nozzle.

An exemplary conventional ink jet head of this type has
the structure in which an opening surface of a pressure
chamber formed on one side of the base body or the main

body is covered with a thin vibrating plate and a piezoelec-
tric body is attached to the surface of the vibrating plate at
a position corresponding to the pressure chamber. Such a
conventional ink jet head is disclosed, for example, in
Japanese Patent Laying-Open Nos. 63-57250 and 2-187352.

This conventional ink jet head requires delicate position-
ing for attaching the piezoelectric body at a prescribed
position of the surface of the vibrating plate at a high
positioning precision, resulting in the complexity of the
manufacturing process.

Another conventional ink jet head which takes advantage
of bending and deformation of a piezoelectric body as
disclosed in Japanese Patent Laying Open Nos. 3-178445
and 4-115951 has a vibrating plate formed of a piezoelectric
element. In this example, the vibrating plate itself is formed
of a piezoelectric element, and therefore positioning of the
piezoelectric element onto the surface of the vibrating plate
as in the first conventional example is not necessary, and
therefore the manufacturing process is simplified. In the
apparatuses disclosed in these documents, however, poten-
tial difference is produced in the same direction as the
direction of polarization of the piezoelectric element. Rela-
- tively large driving voltage is therefore required for suffi-
ciently deforming the piezoelectric element. In recent years,
high resolutions by ink jet printers are in demand, and in
addition, the number of nozzles increases as color printing
has advanced, resulting in increased power consumption by
the printers. Therefore, there has been a need for an ink jet
head capable of sufficiently deforming the vibrating plate at
low voltage.

Another conventional ink jet head takes advantage of
deformation in a shear mode to reduce driving voltage
necessary for deformation by providing a piezoelectric body
constituting a vibrating plate with potential difference in a
direction perpendicular to the direction of polarization.
Among such ink jet heads which take advantage of defor-
mation of piezoelectric bodies in the shear mode, some are
provided with signal electrodes on both surfaces of a vibrat-
ing plate of a piezoelectric body, some with a signal elec-
trode only on one surface of a piezoelectric body, and others
use a layered piezoelectric element for a piezoelectric body.

Among such conventional ink jet heads which take advan-

tage of deformation in the shear mode, those with signal
electrodes on both surfaces of a vibrating plate have a

horizontal cross section taken along the central axis of each
orifice as shown in FIG. 6. More specifically, in the con-
ventional ink jet head shown in FIG. 6, a vibrating plate 51
of a piezoelectric body is disposed horizontally to an orifice
plate 50 having a plurality of orifices 502 and 50b at a
prescribed pitch. Approximately in the center of the space
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between adjacent orifices 50a and 505, a partition 54 is
placed between orifice plate 50 and vibrating plate 51 so as
to define a pressure chamber 53 for every orifice.

Signal electrodes 32 are formed on both surfaces of
vibrating plate 51 at positions corresponding to each orifice
30a, S0b. Ground electrodes 55 are formed on both surfaces
of vibrating plate 51 at positions corresponding to the
position of partition 54.

In the structure of the conventional ink jet head as shown
in FIG. 6, signal electrodes 52 are provided on both surfaces
of the vibrating plate of a piezoelectric body, an electrode
surface positioned in the inner wall of pressure chamber 53
is in direct contact with ink, and therefore conductive ink
cannot be used as well as corrosion of the electrodes could
result.

In the structure with a signal electrode 52 only on one side
of vibrating plate 51 in other words only on a surface

opposite to the side facing pressure chamber 53, as illus-
trated in FIG. 7, applying prescribed signal voltage across
signal electrode 52 and ground electrode 55 forms a region
56 with small field intensity in the vicinity of the surface
without a signal electrode, which impedes sufficient defor-
mation of vibrating plate 51, and ink discharge efficiency
degrades. In particular, as the integration density of nozzles
increases, the space between partitions 54 is reduced, the
strength of the piezoelectric body forming vibrating plate S1
relatively increases, which impedes vibrating plate 51 from
deforming, and ink discharge efficiency degrades, resulting

- in a great increase of voltage for driving the vibrating plate.
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An exemplary conventional ink jet head which uses a
layered piezoelectric element for the vibrating plate is
disclosed in Japanese Patent Laying-Open No. 4-125157.
Referring to FIG. 8, the ink jet printer disclosed in the
document has a platen 81 attached rotatably to photoresist
83 by a shaft 82, and platen 81 is driven to rotate by the
function of a motor 84. A piezoelectric type ink jet head 85
is provided opposite to platen 81. Ink jet head 85 is placed
on a carriage 87 together with an ink supply unit 86.

Carriage 87 is slidably supported by two guide rods 88

provided parallel to the axis of platen 81, and is coupled to
a timing belt 90 wound around a pair of pulleys 89. One of
the pair of pulleys 89 is driven to rotate by the function of
motor 91. thus feeding timing belt 90, which in turn drives
carriage 87 along platen 81. In the ink jet printer disclosed
in the document, an array 92 shown in FIG. 9 is used for ink
jet head 83 for the ink jet printer shown in FIG. 8. Referring
to FIG. 9, array 92 includes a channel main body 94 in the
form of a rectangular container having three ink channels
93a, 93b and 93¢ opened upwardly, and a layered piezo-
electric element 96 fixed to the opening portion of channel
main body 94 with adhesive members 95. Ink channels 93a
to 93¢ each form a pressure chamber to be filled with ink.

Layered piezoelectric element 96 is a stacked structure of
a plurality of piezoelectric ceramics layers 97 having a
piezoelectric/electrodeforming effect, sets of internal nega-
tive electrode layers 98a, 98b, 98¢, and 984 provided
separately corresponding to the positions of adhesive mem-
bers 95, and sets of internal positive electrode layers 99a,
995 and 99c¢ separately provided corresponding to the cen-
tral portions of ink channels 93a to 93c.

- The structure of this conventional ink jet head shown in
FIG. 9 needs relatively lower driving voltage for deforming
vibrating plate 51 for an amount than the structure of the
conventional ink jet head shown in FIG. 7. However, the use
of the layered piezoelectric element increases the number of
electrodes per orifice, interconnection of signal lines for

- electrodes becomes completed, resulting in increase in the

COst.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide an ink
jet head which allows for simplification of the manutactur-
ing process and cost reduction by efficiently deforming the
vibrating plate at relatively low driving voltage without
using a layered piezoelectric element, when the vibrating
plate is formed of a piezoelectric body and potential differ-
ence is provided in a direction perpendicular to the direction
of polarization of the piezoelectric body.

Another object of the present invention is to provide an
ink jet head permitting use of conductive ink without
providing electrodes of piezoelectric bodies in pressure
chambers to be filled with ink, thereby making it possible to
obtain sufficient field intensity without corrosion of the

electrodes.

An ink jet head according to the present invention which
achieves the above-described objects includes an orifice
plate having a plurality of orifices transversely disposed at
prescribed intervals, a vibrating plate formed of a piezoelec-
tric body which is deformed with potential difference pro-
vided in the direction perpendicular to the direction of
polarization and a plurality of partitions disposed in the
space between the orifice plate and the vibrating plate and
between adjacent orifices, with a pressure chamber to be
filled with ink being formed in the space surrounded by the
orifice plate, the vibrating plate and the partitions. The
vibrating plate is provided with grooves in a region having
relatively low field intensity when signal voltage 1s applied.

In this structure, the portion of low field intensity in the
vibrating plate is removed by forming the grooves.
Accordingly, the portion with virtually no electric field
which causes the vibrating plate to be deformed in the shear
mode in the piezoelectric body forming the vibrating plate is
eliminated, the electric capacitance is reduced as a result, the
driving efficiency of the vibrating plate is improved, and
power consumption is reduced as well. At the same time,
providing the grooves reduces the thickness of the vibrating
plate at the positions, and therefore the vibrating plate can be
readily bended and deformed with relatively small force.

According to a preferred embodiment of the present
invention, grooves are formed on a surface of a vibrating
plate facing orifices, signal electrodes are formed corre-
sponding to the grooves on the surface of the vibrating plate
opposite to the side facing the orifices, and ground elec-
trodes are formed both on the surface facing the orifices and
the opposite surface at positions corresponding to the par-
titions.

In this structure, since the grooves are formed at the
vibrating plate at positions facing the orifices formed in the
orifice plate, the vibrating plate at the positions is thinned,
and the vibrating plate would be more easily bended and
deformed. As a result, ink within the pressure chambers is
efficiently discharged from the orifices. In addition, since a
signal electrode is not formed on the surface of the vibrating
plate facing the orifices, and a ground clectrode is formed at
the position at which a partition is formed, electrodes for
applying voltage across the vibrating plate are not formed at
the inner walls of pressure chambers. Accordingly, conduc-
tive ink can be used, and electrodes will not be corroded by
ink. With ground electrodes being formed on both surfaces
of the vibrating plate, substantial field intensity can be
provided on the surface of the vibrating plate on the side of
the pressure chambers with no signal electrode, and the
portions of the piezoelectric body constituting the vibrating
plate having lowest field intensity are eliminated by provid-

ing the grooves.
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In another preferred embodiment of the present invention,
grooves are provided on the surface of the vibrating plate
opposite to the side facing the orifices, signal electrodes are
formed on the internal surfaces of the grooves, and ground
electrodes are formed on both the surface of the vibrating
plate facing the orifices and the opposite surface at the
positions corresponding to the partitions.

In this structure, the grooves are formed on the outer
surface of the vibrating plate, the signal electrodes are
formed on the inner surfaces of the grooves. and the ground
electrodes are formed on both surfaces of the vibrating plate
at positions corresponding to the partitions. Accordingly the
direction of electric field lies virtually perpendicularly to the
direction of polarization of the vibrating plate in the vicinity
of the surface of the vibrating plate not facing the orifice
plate, and therefore it is easier to cause deformation in the

shear mode.

In yet another preferred embodiment of the present
invention, grooves are formed at positions corresponding to
partitions on the surface of the vibrating plate not-facing the
orifices, with ground electrodes being formed at the grooves.

In this structure, the direction of electric field is com-
pletely perpendicular to the direction of the polarization on
the surface of the vibrating plate not facing the orifice plate,
and therefore it is even more easier to cause deformation
in-the shear mode.

In a still further preferred embodiment of the present
invention, a piezoelectric body forming a vibrating plate is
PZT, and ink to fill a pressure chamber is hot-melt ink
containing paraffin as a main component together with dye
and pigments.

Such ink does not easily sink into the vibrating plate of
PZT, and theretore a longer useful lite can be provided for
the head.

Grooves provided at the vibrating plate in the ink jet head
according to the present invention preferably has a rectan-
gular cross section, and signal electrodes are formed on the

bottom and both sides of grooves having such a rectangular
Cross section.
Forming signal electrodes on the bottom and both sides of

grooves having a rectangular cross section makes it easier
for electric field to be generated in a direction substantially

parallel to the vibrating plate between a signal electrode and
a ground electrode relatively uniformly along the direction
of the thickness of the vibrating plate. Accordingly, an
efficient field distribution may be established in order to
cause deformation of the vibrating plate in the shear mode,
and improvement of ink discharge efficiency results.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a partially cross sectional perspective view
showing an ink jet head according to one embodiment of the
invention, and FIG. 1B is a cross sectional view showing the
ink jet head taken along a vertical plane including the axis
of one orifice.

FIG. 2A is a horizontal cross sectional view showing how

electric field is generated in the ink jet head shown in FIGS.
1A and 1B, and FIG. 2B is a horizontal cross sectional view

showing the size of each portion in the ink jet head.

FIGS. 3A, 3B and 3C are cross sectional views sequen-
tially showing how ink is discharged in the ink jet head
shown in FIGS. 1A and 1B.



3,764,255

S

FIG. 4 is a cross sectional view showing an ink jet head
according to a second embodiment of the invention.

FIG. 5 is a cross sectional view showing an ink jet head
according to a third embodiment of the invention.

FIG. 6 is a cross sectional view showing an exemplary
conventional ink jet head.

FI1G. 7 1s a cross sectional view showing another conven-
tional ink jet head.

FIG. 8 1s a perspective view showing an ink jet printer
disclosed in Japanese Patent Laying-Open No. 4-125157.

FIG. 9 1s a cross sectional view showing an ink jet head
disclosed in Japanese Patent Laying-Open No. 4-125157.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described in
conjunction with the accompanying drawings.

FIG. 1A 1s a perspective view showing an ink jet head
according to a first embodiment of the invention taken along
a vertical plane including the central axis of one orifice 1,
and FIG. 1B is a cross sectional view showing the same ink
jet head taken along a vertical surface including one orifice
1. FIGS. 2A and 2B are views showing a plane taken along
a horizontal cross section including the central axes of all the
orifices 1. Ink jet head 11 according to this embodiment is
used as an ink jet head for example in an ink jet printer as
disclosed in Japanese Patent Laying-Open No. 4-125157
shown in FIG. 7. The values of the sizes in FIG. 1B are
illustrated as examples for the dimension of the present
embodiment, where the unit is pm.

Referring to FIGS. 1A and 1B, in ink jet head 11 accord-
ing to the present embodiment, an orifice plate 6 having a

plurality of orifices 1 disposed horizontally at regular inter--

vals and a vibrating plate 3 formed of a piezoelectric body
are placed opposite to each other at a prescribed distance
apart through a partition 9. The top and bottom of the space
between orifice plate 6 and vibrating plate 3 are enclosed by
an upper wall plate 7a and a lower wall plate 7b, and the
space defined by orifice plate 6, vibrating plate 3, wall plates
7a and 7b, and partition 9 constitutes a pressure chamber 2.
Elements 7(a) and 7(b) constitute means for connecting the
orifice and vibrating plates at end portions to space them

apart.
Each orifice 1 and each pressure chamber 2 constitute one
channel, and 50 to 100 channels are arranged at a pitch of

about 400 pm, for example.

Partitions 9 are each provided in the middle of the space
between adjacent orifices 1, and a pressure chamber 2 is
provided for each orifice 1. Formed in lower wall plate 75
is an ink introducing hole 12 corresponding to orifice 1,
through which ink is filled within pressure chamber 2. A
groove 10 1s formed on the inner side surface of vibrating
plate 3 facing orifice plate 6 at a position opposite to orifice
1, and a signal electrode 4 is formed on the outer surface of
vibrating plate 3 opposite to the inner surface facing orifice
plate 6 at a position corresponding to groove 10. Ground
electrodes S are formed on both inner and outer surfaces of
vibrating plate 3 at positions corresponding to partitions 9.

Lower wall plate 7b is provided with an ink supply hole
12 having a diameter of about 25 um for every channel, and
a filter is attached within ink supply hole 12. Ink supplied
into pressure chamber 2 via ink supply hole 12 from an ink
supply unit is removed of impurities contained therein by the
filter 13 within ink supply hole 12.

Groove 10 is formed by precision machine-cutting. Signal
electrode 4 and ground electrode § are formed of a material
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6

such as gold having a thickness about in the range from 1 to
3 um, and formed by subjecting vibrating plate 3 to a known
sputtering process. -

Application of driving voltage on signal electrode 4 in ink
jet head 11 as described above generates electric field E from
signal electrode 4 to ground eclectrode § within vibrating
plate 3. The direction of electric field E lies in a direction
virtually perpendicular to the direction of polarization of
vibrating plate 3 indicated by arrow A in FIG. 2, and
vibrating plate 3 formed of a piezoelectric body is deformed
in the shear mode. FIG. 2B shows the dimensions of the ink
jet head according to the present embodiment by way of
illustration, where the unit of each value is um.

Ink discharging operation by the deformation of vibrating
plate 3 in ink jet head 11 will be now described in conjunc-
tion with FIGS. 3A to 3C.

As illustrated in FIG. 3A, applying driving voltage on
signal electrode 4 with each pressure chamber 2 filled with
ink, electric field is formed from signal electrode 4 to ground
electrode 3 and vibrating plate 3 formed of the piezoelectric
body is caused to bend and deformed in the shear mode as
illustrated in 3B, and the volume of pressure chamber 2 is
expanded. Thereafter, signal electrode 4 is grounded for
discharge, and then as illustrated in FIG. 3C, vibrating plate
J returns to the original fiat-plate-shape. The reduction of the
volume of pressure chamber 2 in this returning operation
causes 1nk in pressure chamber 2 to be discharged from

orifice 1.

Since vibrating plate 3 in ink jet head 11 as described
above is formed of a ferroelectric piezoelectric body, signal
electrode 4, ground electrode § and vibrating plate 3 act as
a capacitor, and the larger the electric capacitance of the
capacitor is, the smaller will be electric field intensity within
vibrating plate 3 for fixed voltage applied across the region
between signal electrode 4 and ground electrode 5. In ink jet
head 11 according to this embodiment, as can be clearly seen
from FIG. 2, groove 10 is formed in vibrating plate 3 at the
portion with small field intensity, in other words the portion
which hardly contributes to the deformation of vibrating
plate 3 in view of field intensity is removed. Accordingly, the
dielectric constant of the portion is reduced, and the electric
capacitance of the capacitor constituted by signal electrode
4, ground electrode § and vibrating plate 3 is reduced as a
result. Thus forming groove 10 hardly adversely affects the
electric field intensity used for deforming vibrating plate 3,
and conversely the field intensity can be relatively increased
rather if prescribed driving voltage is applied across the
region between signal electrode 4 and ground electrode 5.

Thus, forming groove 10 removes the portion with too
small a field intensity to cause vibrating plate 3 to be
deformed, and therefore electric capacitance can be reduced
without reducing the efficiency of deformation of vibrating
plate 3. As aresult for fixed driving voltage applied on signal
electrode 4, reduced charge is stored in each channel in
vibrating plate 3, resulting in reduced power consumption.
As for the amount of deformation of vibrating plate 3 in the
shear mode, since the portion of vibrating plate 3 positioned
in the middle of the space between adjacent partitions 9 is
thinned by forming groove 10, vibrating plate 3 bends more
easily, and sufficient deformation can be achieved at low
application voltage.

As described above, according to the structure of the ink
jet head of the present embodiment, forming groove 10
reduces charge introduced to each channel in vibrating plate
3, bending and deforming can be achieved more easily at the
same time, and therefore power consumption for driving the
ink jet head can be greatly reduced.
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The structure of an ink jet head according to a second
embodiment of the invention will be now described in
conjunction with FIG. 4. Note that in FIG. 4 the same or
corresponding elements to the ink jet head according to the
first embodiment shown in FIG. 2 are designated with the
same reference characters, and a detailed description thereof

will not be provided.

In this embodiment, referring to FIG. 4, a groove 20
having a rectangular cross section is formed on an outer
surface of the vibrating plate 3 of the ink jet head at a
position corresponding to each orifice 1. Groove 20 has a
signal electrode 4 formed by sputtering on its bottom and
both side surfaces. Ground eclectrodes 5 are formed at
positions corresponding to partition 9 on vibrating plate 3 on
the side of orifice plate 6 and the opposite side. Having such
a structure, the ink jet head of this embodiment has groove
20 formed on the outer surface of vibrating plate 3 and signal
electrode 4 on the inner wall surface of groove 20, and
therefore electric field generated between signal electrode 4
formed on the sidewall of groove 20 and ground electrode 3
formed on the outer surface of vibrating plate 3 can be
directed perpendicularly to the direction of polarization of
vibrating plate 3, in other words the thickness-wise direc-
tion. As a result, the direction of electric field in the vicinity
of the outer surface of vibrating plate 3 can be directed more
perpendicularly to the direction of polarization of vibrating
plate 3. In addition, since sufficient electric field is generated
also with ground electrodes 5 formed on the inner surface of
vibrating plate 3, sufficient electric field intensity can be
provided in the vicinity of the inner surface of vibrating plate
3. As aresult, the efficiency of deformation of vibrating plate
3, in other words, the degree of deformation of vibrating
plate 3 at prescribed driving voltage applied on signal
electrode 4 can be increased.

A third embodiment of the invention will be now
described in conjunction with FIG. 5. Note that in FIG. 3. the
same elements as or corresponding elements to the ink jet
head according to the first embodiment described above are
designated with the same reference characters, and a detailed
description thereof will not be provided.

In the ink jet head of this embodiment, groove 20 is
formed on the outer surface of vibrating plate 2 at a position
corresponding to each orifice 1 as is the case with the second
embodiment described above, with signal electrode 4 being
formed on the inmer wall surface thereof. In this
embodiment, a groove 30 having a rectangular cross section
is formed on the outer surface of vibrating plate 3 at a
position corresponding to the position of each partition 9,
and ground clectrode 5 is formed on the bottom and both
sidewall surfaces of the inner wall surface. Ground electrode
5 is also formed on the inner surface of vibrating plate 3 at
a position corresponding to the position of each partition 9
as is the case with the first and second embodiments.

Thus forming grooves 20 and 30 on the outer surface of
vibrating plate 3 and forming signal electrode 4 and ground
electrodes 5 on the respective inner sidewall surfaces makes
it possible to direct electric field generated between signal
electrode 4 formed on the sidewall of groove 20 and ground
electrode § formed on the sidewall of groove 30 virtually
completely perpendicularly to the direction of polarization
of vibrating plate 3, in other words perpendicularly to the
thickness-wise direction, and the effect of directing the
electric field in the vicinity of the outer surface of vibrating
plate 3 perpendicularly to the direction of polarization of
vibrating plate 3 is even more enhanced than the second
embodiment. Thus newly forming groove 30 hardly
adversely affects field effect intensity, and therefore the
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8

piezoelectric body constituting vibrating plate 3 is reduced
by forming such groove 30, resulting in even more reduced
clectric capacitance. Accordingly, the deformation efficiency

of vibrating plate 3 can be greatly improved.

Note that ink applied for the ink jet head in the above
embodiments is preferably hot-melt ink containing paraffin
as an essential component together with dye or pigment.
This is because the ink is not likely to sink into vibrating
plate 3 if PZT is used for the piezoelectric body constituting
vibrating plate 3. and the useful life of the ink jet head can
be prolonged as a result.

Note that the above embodiments of the present invention
have been described simply as examples and various forms
can be employed without departing from the gist of the
present invention.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is
by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

What is claimed 1s:
1. An ink jet head, comprising:

an orifice plate having a plurality of orifices disposed
transversely at prescribed intervals;

a vibrating plate having a first surface and a second
surface with ground electrodes formed on said first
surface and said second surface, the vibrating plate
disposed parallel to said orifice plate and formed of a
deformable piezoelectric body;

means for connecting end portions of the orifice plate and
vibrating plate, so that over a linear distance between
said orifice plate and vibrating plate, the orifice plate
and vibrating plate are spaced apart;

a plurality of partitions disposed between said orifice plate
and said vibrating plate each one of the plurality of
partitions is located between adjacent orifices, end
portions of said each one of said plurality of partitions
contacting one of the ground electrodes on said first
surface,

a pressure chamber for containing ink, being formed in a
space surrounded by said orifice plate, said vibrating
plate and said partitions, wherein an open groove is
provided on the first surface of said vibrating plate, the
open groove directly facing one of the orifices,

a signal electrode is formed on the second surface of said
vibrating plate opposite to the first surface at a location

corresponding to a location of said open groove, and

the ground electrodes formed on said second surface of
said vibrating plate are at locations corresponding to
specific locations where said end portions of said
partitions contact the ground electrodes on said first
surface, so that the open groove 1s located in a region
having low field intensity when a signal voltage is
applied to the signal electrode.

2. An ink jet head as recited in claim 1, wherein

said groove has a rectangular cross section, and said
signal electrode 1s formed entirely on bottom and side

surfaces of said groove.

3. An ink jet head as recited in claim 1, wherein said
pressure chamber has top and bottom ends enclosed by an
upper wall plate and a lower wall plate, respectively, and an
ink supply hole having a filter located at said lower wall

plate.
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4. An ink jet head comprising:
an orifice plate having a plurality of orifices disposed
transversely at prescribed intervals;

a vibrating plate having a first surface and a second
surface with ground electrodes formed on said first
surface and said second surface, the vibrating plate
disposed parallel to said orifice plate and formed of a

piezoelectric body having a direction of polarization,
said piezoelectric body deformable by means for apply-
ing a potential difference in a direction perpendicular to
the direction of polarization;

means for connecting end portions of the orifice plate and
vibrating plate, so that over a linear distance between
said orifice plate and vibrating plate, the orifice plate
and vibrating plate are spaced apart;

a plurality of partitions disposed between said orifice plate
and said vibrating plate, each one of the plurality of
partitions are located between adjacent orifices, said
each one of said partitions contacting one ground
electrode on said first surface of the vibrating plate;

a pressure chamber for containing ink being formed in a
space surrounded by said orifice plate, said vibrating
plate and said partitions;

wherein said vibrating plate first surface faces said ori-
fices and the second surface is opposite the first surface,
and said second surface includes a first open groove
having an inner wall surface, where said first open
groove 1s directly opposite one of the orifices

a signal electrode is formed on the inner wall surface of
said first open groove, and the ground electrodes

formed on said second surface of said vibrating plate

corresponding to the specific locations where said
partitions contact ground electrodes on said first
surface, and

a second open groove is formed on the second surface of
said vibrating plate at a location adjacent to the location
of said partitions, with a ground electrode formed in

said second open groove.
3. An ink jet head as recited in claim 4, wherein

said groove formed in said vibrating plate has a rectan-
gular cross section, and said signal electrode is formed
entirely on bottom and side surfaces of said groove.
6. An ink jet head recited in claim 4, wherein

said first open groove has a rectangular cross section and
the inner wall surface includes a bottom surface and
two spaced apart side surfaces that are substantially
perpendicular to the bottom surface with said signal
electrode being formed entirely on the bottom, surface
and the side surfaces,

said second open groove has a rectangular cross section
defined by a bottom surface and two spaced apart side
surfaces that are substantially perpendicular to the
bottom suwrface with said ground electrode being

formed entirely on the bottom surface and side sur-
faces.

7. The ink jet structure of claim 6, wherein the portions of

the signal electrode formed on the side surfaces have an
open space between the portions.

8. An ink jet head, comprising:

an orifice plate having a plurality of orifices disposed
transversely at prescribed intervals;

a vibrating plate having a first surface and a second
surface with ground electrodes on said first surface,
said vibrating plate disposed parallel to said orifice
plate and formed of a deformable piezoelectric body;
and
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means for connecting end portions of the orifice plate and
vibrating plate, so that over a distance between said
orifice plate and vibrating plate the orifice plate and
vibrating plate are spaced part;

a plurality of partitions disposed between said orifice plate
and said vibrating plate in a space between adjacent
orifices, each one of said partitions contacting one of
the ground electrodes on the first surface of the vibrat-
ing plate, |

a pressure chamber for containing ink being formed in the
space surrounded by said orifice plate, said vibrating
plate and said partitions, wherein

an open groove having a rectangular cross section is
provided for each one of said plurality of orifices on the .
first surface of said vibrating plate each said open
groove directly facing a different one of said orifices,

a signal electrode is directly formed on the second surface
of said vibrating plate opposite to the first surface at a
position corresponding to a position of said open
groove, and

ground electrodes formed on the second surface of said
vibrating plate at locations corresponding to locations,
where said partitions contact the ground electrodes on
the first surface of the vibrating plate.

9. An jet head as recited in claim 8, wherein

said signal electrode is formed entirely on bottom and side
surfaces of said groove.
10. An ink jet head as recited in claim 8, wherein the

piezoelectric body forming said vibrating plate is PZT, and
the ink 1s a hot-melt ink containing paraffin and dye or
pigment.

11. An 1ink jet head, comprising:
an orifice plate having a plurality of orifices disposed

transversely at prescribed intervals with a space
between adjacent orifices;

a vibrating plate having first surface and a second surfaces
each one of said first surface and said second surface
having spaced ground electrodes, said vibrating plate
disposed parallel to said orifice plate with the first
surface directly facing the orifices and formed of a
piezoelectric body having a direction of polarization,
said piezoelectric body deformable by means for apply-
ing a potential difference perpendicularly to the direc-
tion of polarization;

means for connecting end portions of the orifice plate and
vibrating plate, so that over a linear distance between
said orifice plate and vibrating plate, the orifice plate
and vibrating plate are spaced apart;

a plurality of partitions disposed between said orifice plate
and said vibrating plate in the space between adjacent
said orifices, each one of said partitions contacting a
ground electrode on the first surface the vibrating plate
at specific locations;

a pressure chamber for containing ink being formed in a
space defined by said orifice plate, said vibrating plate
and said partitions, wherein

a first open groove with an inner side wall, having a
rectangular cross section is provided for every one of
said orifices on the second surface of said vibrating
plate which is opposite to the first surface, each said
open groove facing directly opposite a different one of
sald orifices,

a signal electrode is formed on the inner side wall surface
of said first open groove, and the ground electrodes
formed on the second surface of said vibrating plate at
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a location corresponding to locations where said par-
tition contacts the ground electrodes on said vibrating

plate, and

a second groove open is provided on the second surface
of said vibrating plate at a location corresponding to the
specific location where said partitions contact the
ground electrodes on the first surface of said vibrating
plate, and a ground electrode is formed in said second
open groove.

12. An ink jet head as recited in claim 11, wherein

said signal electrode is formed entirely on bottom and side
surfaces of said groove.

12

13. An ink jet head as recited in claim 11, wherein

said signal electrode is formed entirely on a bottom and
side surfaces of said first groove, and said ground
electrode is formed entirely on a bottom and side
surfaces of said second groove.

14. An ink jet head as recited in claim 11, wherein the

piezoelectric body forming said vibrating plate is PZT, and
wherein the ink is a hot-melt ink containing parathn and dye
10 or pigment.
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